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This invention relates to a method of and apparatus for 
transmitting data in boreholes such as oil walls. 

To optimise the efficiency both of ths datsetion of oil 
reservee and tha recovery of these reserves, it is 
important to obtain aa much detailed information as 
possibla about the ambient anvironmantal conditions at 
ths bass of an oil wall. This information is obtainsd 
by a variety of sensors located at the base of a well 
when required. The information obtained by the sensors 
may be transmitted to the surface of an open well using 
sonic waves which propagate through the drilling mud. 



However, this method may only be employed during 
drilling when sufficient hydraulic power is available* 
to generate the signal at the base of the well. During 
well testing and production this power source is not 
available and a valve or plug may be inserted in the 
well resulting in there being no direct fluid path 
through the centre of the well from the base of the 
well to the surface. 



One situation to which this particularly appiiee is in 
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•hut-in taeting where a ahut-in valve it included in 
tha wall, a teat generally oonaiete of flowing the 
well , thua drawing down tha wall praeaurtt , and than 
•uddanly atopping the flow by elca.ing tha ehut-in 
valve. Information regarding the potential of tha 
reservoir can be derived from axani nation of tha 
eneuing preeeure rice/time character iatio, raquiring a 
praaaura gauge beneath tha valva. Tha ehut-in la baat 
dona down-hole rather than at tha aurfaea, to avoid 
wall-bora atoraga af facta which art difficult to 
oompahaata for. 

It^a poaaibla to adapt valvaa to produce a hydraulic 
or elect ric a l pa th through tha valva to enable the " 
trahamiaeion of eignaTa from a aeriaor balow the valva 
to a receiver above tha valve. The path through the 
valve terminatee in a oonneotor which ia auitable for 
connection to the receiver, the receiver in turn being 
connected via a cable to the aurfaea of tha wall. 
However, thia ayetem ia extremely difficult to operate 
aa the email connector on the aurfaea of the valve la 
extremely difficult tc contact with the racaivar and a 
eonaidarable length of time ia taken to make a auitable 
connection. 

Accordingly, the preaent invention providea a method of 
tranamitting data in a borehole, the method oompriaing 
providing an electric signal representative of tha data 
to be tranemitted, converting aald electric aignal into 
a aonio aignal, propagating aald aonic aignal along an 
elongate member, and proceaaing tha aonic aignal for 
onward transmission. 



The processing of tn« aonic alonai may for example be 
at the aurface, or it may be downhole by retranamiaaion 
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1 or it nay bm by «loctrontc 

2 pick-up. 

4 In another aapeot, tha Invantion provide! apparatus for 

5 transmitting data in • bor«hol«,th« apparatus 

6 comprising a transmitter end a raoaivar* tha 

7 trananittar including aaana £er converting data 

e paranatara into an alaotrio aignal and first tranaduear 

9 means responsive to said alaotrio signal to generate an 

10 acoustic signal, the first transducer means being 

11 adaptad for physical coupling to an alongata nanbor 

12 axtanding along the borehole whereby tht acoustic 

13 signal is propagated in said alongata nanbar; tha 

14 raoaivar eonprising saeond tranaduoer means adaptad for 

15 physieal coupling to said alongata nanbar to produea an 

16 a lactrioal output oorrasponding to said aooustic 

17 signal, and signal processing means connected to 

18 receive stid output and operative to process tha data 

19 into a condition for onward transmission. 
20' ■ 

21 An embodiment of tha invention will now ba dasoribad, 

22 by way of axanpla only, wit* reference to tha drawings, 

23 in whiohi 
24 

28 Fig. 1 is a seUaitic. crcss-saotional side 

28 view of apparatus in accordance with tha 

27 invantion in use in a wall; 

28 Fig. 2 is a block diagran of a transnitter 

29 forning part of Fig. 1; 

30 Fig. 3 ie a block diagran of a receiver 

31 forning part of Fig. i; and 

32 Fig. 4 is a block diagran of an altarnativa 

33 form of receiver. 

34 ■'■ . : 

35 Referring to Fig. 1, a drill atam 1 is sealed to a wall 
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bort 23 by a packer a, leaving an awrolua 3 to ountain 
aud and well, oontrol fluid. Any production fluid* will 
peas up tho centre of the drill utmm l via ft shut-in 
valve 4. The pneent enbodlnent utilises tho invontloh 
to put data routing to tho fluid proaauro in tho ; 
drill eten boro a4 below tho ahut-in valvo 4 to a 
location above it. 

A tranenltter deeignatad generally at 6 ia poaitionod . 
in an external recess 25 of tho drill aton 1. Tho 
tranenltter 8 ia powered by a battery 7 and ineludee a 
pressure traneducer 9 connunieating with a lower boro 
24 via a port 8 . Tho analog proaauro signal generated 
by tho tranaduoor 9 paeeea to an electronios nodule 10 
in which it ia dlgltiaod and aerially onoodod for 
trananiaalon by a carrier f regueney , auitably of a-10 
kHt. The reeuiting bureta of oarrior are applied to a 
nutgnotoatrietivo tranaduoor 11 oonpriaing a ooil formed 
around a cere whoao onda aro rigidly fixed to tho drill 
atom I at axially apaeed locations. Tho digitally 
coded data ia thus transfornod into a longitudinal 
sonic wavo in the drill sten 1. 



A receiver generally designated at 12 ia houaod in an j 
efctetwaTr^c^^ «ta» I at a location 

above the ahut-in valve 4. The receiver 1 a eowpriMB ft 
filter 13 and transducer 14 connected to an electronics 
nodule 15 powered by a battery 17. 

The output of the eleetronicB nodule 15 driveo a signal 

COil 18. . r 

The filter 13 ia a neehanioal band-paae filter tuned to 
the data career freauehoy, and aervoa to ronove eeno 
of the aeouetle noiao in the urlli aUw 1 whiwh coulU 
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otharviaa awamp tha alaotronica . Tha tranaduoar 14 It 
a piatoalactrio alanant. Tha filter 13 and tranaducar 
14 ara mechanically oouplad in aariaa , and tha 
combination ia rigidly mounted at iti anda to tha drill 
aten 1, alignad with the longitudinal axi a of tha 
lattar. Thua, tha tranaducar 14 provides an alactrioal 
output repreaentative of tha aonie data aignal. 

A prafarrad nathod of retrieving tha data ia to atora 
it in memory in tha alaotronica module IS, for 
retrieval at a convenient tine by a pick-up tool 3. 
Thia avoida tha problema inherent in providing a 
real-time data path along the whole langth of tha vail. 
Tha pick-up 1 tool S ia lowarad on a cable or wireline 22 
to locate in a nipple 18 which cauaaa tha signal in tha 
receiver 16 to be aligned with a coil 19 in tha pick-up 
tool 9. Tha ooila x$ and 19 ara than inductively 
oouplad, allowing tha data to ba tranafarrad to tha 
pick-up tool 0 aarially on a auitabla carrier vava to 
tha pick-up tool B. 

Tha pick-up tool 9 ineiuc ia an alaotronica package 20 
which ia arrangad to Band a trananit command to tha 
racaivar 12 whan tha tool 5 ia aaatad on tha nippla 18. 
Tha eieetroniea paokaga 20 nay ba arrangad to uvuode 
and atora tha data if tha tool ia on wireline , or to 
re-tranemit tha data if tha tool ia on cable. In tha 
lattar caaa, power nay ba auppliad to tha tool via tha 
cabla 1 otharwiaa, powar ia darivad from an internal 
battery 21. 

Ref errxr>o now to Fig. 2, tha trananittar alaotronica 
nodula 10 in tha praaant embodiment eompriaaa a aignal 

conditioning circuit 30, « digitiaing and encoding 
circuit 31, and a currant drivar 32. Tha dataila of 
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1 thaoo circuit* do not f on part of tha praaant 

2 invention, and suitable oircuitty will be readily 

3 apparent to thoae skilled in tha art. Tha transducer 

4 11 has a coil 33 connected to the currant drivar 32 and 

5 formed round a core schematically indieatad at 34. 

6 Suitably, tha core ia a laminated rod of nickel of 

7 about 25 am diaaeter. Tha length of tha rod ia ehoaan 

8 to auit tha daairad aonio fraquanoy which' ia auitably 

9 in tha range 100 Hs to 10kHz, p-eferably 2-6 KHi. 
10' 

11 In tha reoeiver, as seen in Fig. 3, the •leotaronlefl 

12 module 19 comprises in series as passive band-pass 

13 filter 35 , an aotiva band-paaa ' filter 36 , and a 

14 phase-looked loop 37 supplying clean date signals to a 

15 decoder 38. Tha decoded data ia atorad in aeaory 39. 

16 Whan a pick-up tool 3 it positioned and activated, 

17 earriar frequency induced in tha signal coil 16 ia 

18 datactad at 40 to anabia control logic 41 to read data 

19 from memory 39 for tranaaiaaion via anoodar 42, currant 

20 drivar 43, and tha signal coil 16. 

21 . 

22 Tha alternative receive; shown in Fig. 4 uses a ainilar 

23 mechanical filter 13, transducer 14, and alaotronio ■ 

24 filtere 3S and 36. In thla eaaa, however, tha filtarad 
28 data aignel ia not atorad but ia uaad to control a 

26 currant drivar 44 driving a aagnetoatrietive transducer 

27 45 for aonic re-transaisaion furthar along tha drill 

28 ataa. 
29 

30 Thus, tha invention enables data to bo transferred by 

31 aonic tranaaiaaion past a valva or tho like and then 

32 further handlad by (a) atoraga in aaaory for latar 

33 retrieval, (b) real-tine tranaaiaaion electrically by 

34 cable, or (t) scni© ir't*«nB»ii*ion. 
35 
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1 Modification* my bt made within the loop* of the 

2 invention. For e»xample, the transmitter transducer nay 

3 impart a torsional, rather than a longitudinal, sonio 

4 vibration to tht driU Transducers el otht* thin 
B magnetostrictive type say be used, such as 

6 piezoelectric crystals or polymers. 

7 ■ . .V ' ■ • ' 

8 Although described with particular reference to shut-in 

9 testing in producing wells, the invention nay be 

10 applied to any situation where a borehole is 

11 obstructed t The medium for sonic transmission need not 

12 be a drill stem but could, for instance, be casing or 

13 other tubular. 
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3 

CLAIMS 

1. A method of transmitting data Jori a borehole, the 
method comprising providing an electric signal 
representative of the data yco be transmitted, 
converting said electric signal into a sonic 
signal and propagating said sonic signal along an 
elongate member, said data being transmitted from 
one side to the other/ of a physical obstruction in 
said elongate member^ the conversion of the 
electric signal into the sonic signal being 
effected atrst location on said one side; 
characterisedXin that said sonic signal is 
converted in1:cp an electrical signal on said other * 
side of said obstruction and said data is stored 
on said other side for subsequent retrieval. 

2. A method according to claim 1, in which the 
subsequent retrieval is effected by a pick-up tool 
lowered down the borehole to a location adjacent 
the obstruction. 

3. A method according to claim 1, in which conversion 
from the electric signal to the sonic signal 
includes digital modulation of a carrier frequency 
in the range 100 Hz to 10 kHz. 

4. A method according to claim 1, in which the sonic 
transmission is effected by longitudinal 
vibration . 

5. A method according to claim 1, in which the 
elongate member is a drill stem, the obstruction 
is a shut-in valve in the drill stem, and the data 
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9 

comprises pressure-versus-time in the drill stem 
beneath the shut-in valve. 

Apparatus for transmitting data in a t/orehole, the 
apparatus comprising a transmitter and a receiver; 
the transmitter including means for ^converting 
data parameters into an electric signal and first 
transducer means responsive to sai/a electric 
signal to generate an acoustic signal, the first 
transducer means being adapted for physical 
coupling to an elongate member extending along the 
borehole whereby the acoustic signal is propagated 

in said elongate member; the receiver comprising * 

/ * 
second transducer means adapted for physical - 

coupling to said elongate member to produce an 

electrical output corresponding to said acoustic 

signal, and signal processing means connected to 

receive said output and or/erative to process the 

data into a conditijoii for/ onward transmission; 

characterised in tnaA said .signal processing means 

includes memory means V^storing received data, 

and means for transferring data from the memory 

means to a pick-up 4oal lowered to an adjacent 

location in the borecole. 

Apparatus according to claim 6 for use in 
transmitting data from one side to the other of an 
obstruction in said elongate member, the first 
transducer means /being coupled, in use, to the 
elongate member/at a location on said one side of 
the obstruction, and the second transducer means 
being coupled/ in use, to the elongate member at 
the other side of the obstruction • 
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8. Apparatus according to claim 6, in which the first 
transducer means is a magnetostrictive transducer 
adapted to be mounted to the elongate member to 
produce longitudinal sonic vibrations in it. 

9* Apparatus according to claim 7, in which the data 
parameter converting means is a fluid pressure 
transducer for monitoring fluid pressure below 
said obstruction, 

10. Apparatus according to claim 6, in which said 
second transducer means comprises a mechanical 
bandpass filter and a piezoactive element mounted! 
in series on the elongate member. 

11. Apparatus according to claim 6, in which the 
signal processing means includes electronic filter 



12. Apparatus according to claim 6, in which the 
pick-up tool includes further memory means in 
which the data may be stored until the pick-up 
tool is returned to the surface. 

13. Apparatus according to claim 6, in which the 
pick-up tool includes means for transmitting the 
data to the surface via a cable. 
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(57) Abstract 



Data is transmitted along a borehole containing a drill stem (2) 
by means of a transmitter (6) which converts electric data signals to 
acoustic signals propagating along the drill stem (2). The acoustic sig- 
nals are converted back to electric form by a receiver (12) which also 
processes the signals. In the preferred form the signals are stored in a 
receiver memory (15) for subsequent retrieval using a pick-up tool (5) 
lowered into the borehole. The system is particularly useful in moving 
data past an obstruction such as a shut-in valve (4). 
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